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Introduction {#sec1}
============

Respiratory viruses (RV) cause significant morbidity and mortality in the human population. Most attention is given to the impact of seasonal outbreaks by human respiratory syncytial (HRSV) and influenza viruses, but the cumulative burden caused by more than 200 other known RV (picornaviruses, paramyxoviruses, coronaviruses and adenoviruses, among others) is not widely appreciated [@bib1]. In the present study the circulation and seasonality of RV from 2006 to 2012 in Catalonia (Spain) are described.

Materials and methods {#sec2}
=====================

From week 40/2006 (2006/07 season) to week 20/2012 (2011/12 season), including the 2009, 2010 and 2011 inter-seasonal periods, demographic characteristics (gender and age) and nasopharyngeal samples were systematically collected for virological diagnosis from outpatients with influenza-like illness (ILI) (two first ILI consultations per week per physician), through the PIDIRAC (Daily information on Acute Respiratory Illness Plan of Catalonia) Sentinel Surveillance Network. ILI is defined as acute respiratory tract infection presenting with sudden onset of symptoms; and at least one of the following four systemic symptoms: fever or feverishness, malaise, headache, myalgia; and at least one of the following three respiratory symptoms: cough, sore throat, shortness of breath, according to the European Centre for Disease Prevention and Control\'s clinical criteria of ILI [@bib2]. The PIDIRAC Sentinel Surveillance Network is based on a medical sentinel network at primary-care centres coordinated by the Public Health Agency of Catalonia, that covers all seven Health regions into which the Catalan territory is divided. Primary-care centres involved in the sampling varied from the 2006/07 season to the 2011/12, ranging from 27 in the former to 38 in the latter, and covered approximately 1% of the total population in Catalonia.

Two independent nested multiplex RT-PCR were used to detect human influenza A (FLUAV), B (FLUBV) and C (FLUCV) viruses, HRSV, human adenoviruses (HAdV), human parainfluenza viruses (HPIV) 1--4, human coronaviruses (HCoV) 229E and OC43, human enteroviruses (HEV) and human rhinoviruses (HRV) A, B and C [@bib3], [@bib4]. Subtyping (seasonal H1, H1pdm09 and H3) of influenza A viruses isolated on MDCK or MDCK-SIAT1 (Vircell, Granada, Spain) cell culture was performed by using the annual WHO influenza immunofluorescence assay, or directly from laboratory-confirmed clinical samples using a one-step multiplex real-time RT-PCR assay [@bib5]. Influenza laboratory-confirmed samples collected from patients belonging to different age groups (0--4, 5--14, 15--65, \> 65 years old), from different geographical sites and in different weeks were selected for a good representativeness of the phylogenetic and molecular characterizations of circulating influenza viruses in Catalonia throughout the period of study.

The coding sequences of complete domain HA1 of viral haemagglutinin (HA) protein, and the partial neuraminidase (NA) and matrix 2 (M2) proteins from FLUAV and FLUBV laboratory-confirmed specimens were sequenced, as well as, the coding region of the haemagglutinin-esterase (HE) protein from FLUCV laboratory-confirmed specimens, as previously described [@bib6]. Updated amplification and sequencing protocols are available on request. Phylogenetic analyses of sequences from the present study together with sequences from clade reference strains downloaded from the GISAID Database (Global Initiative on Sharing Avian Influenza Data, available at: [www.platform.gisaid.org](http://www.platform.gisaid.org){#intref0010}) were carried out with MEGA v5.2 [@bib7]. Sequences were aligned using the MUSCLE program, and the molecular evolutionary models of nucleotide substitutions were fitted to the multiple sequence alignments using evolutionary analyses conducted in MEGA v5.2 [@bib7]. The phylogenetic trees were reconstructed using the neighbour-joining (NJ) distance method as implemented in MEGA v5.2 [@bib7] with the evolutionary model with the lowest Bayesian Information criterion score. Reliability for the internal branch was assessed using the non-parametric bootstrap analysis with 1000 replicates. The amino acid substitutions of predicted influenza protein sequences were studied using MEGA v5.2 [@bib7] relative to the homologous sequences of the corresponding recommended vaccine strains [@bib8]. The potential N-linked glycosylation sites in HA1 amino acid sequences were tracked using the N-GlycoSite tool [@bib9].

Statistical analyses were performed using SPSS v17 (SPSS Inc., Chicago, IL, USA). Numeric variables were compared using the non-parametric Mann--Whitney *U*-test for comparisons between more than two groups. Chi-squared test, Fisher test, and the OR and their 95% CI were calculated to assess associations between categorical variables. Values of p \<0.05 were considered to be statistically significant.

The nucleotide sequences from the present study were submitted to the GISAID Database.

No ethical approval was required for this study.

Results {#sec3}
=======

A total of 6315 nasopharyngeal samples were collected from 3135 (49.7%) male and 3173 (50.3%) female patients. Eighteen samples had missing data by lacking either gender information (seven samples) or age (11 samples). The mean age (± SD) of the patients was 21.8 ± 22.0 years (age range from a few months to 95 years; median: 12.0 years; interquartile range (IQR) 3.0--37.0 years; mode 1.0 year). Age was not normally distributed (one-sample Kolmogorov--Smirnov test, p \<0.001), and the non-parametric Mann--Whitney *U*-test was therefore used for comparison between two groups. Statistical age differences between male patients (mean 19.8 ± 20.9 years; median 10.0; IQR 3.0--33.0) and female patients (mean 23.7 ± 22.8 years; median 14.0; IQR 4.0--40.0) were significant (p \<0.001). [Table 1](#tbl1){ref-type="table"} and [Supplementary material Table S1](#appsec1){ref-type="sec"} summarize RV detection rates by age groups and by season, respectively. The largest proportion of samples (55%) was collected from children under 15 years old. The 64% of received samples were laboratory-confirmed for single (83%) or multiple (17%) detections, mainly by FLUAV and HRV, and followed by HAdV, FLUBV and HRSV. FLUAV or HRV were detected in 74% of multiple detections. In addition, HAdV, HCoV, HPIV-2, HPIV-4 and HEV were found together with other RVs in rates over 40% of detections (see [Supplementary material, Table S1](#appsec1){ref-type="sec"}). Among RV laboratory-confirmed cases there were no general differences (p 0.906) between male (49.6%) and female (50.4%) patients, but higher percentages were particularly reported for HRSV (p 0.015; OR 1.302; 95% CI 1.053--1.611) and HEV (p 0.020; OR 1.391; 95% CI 1.053--1.837) in male patients. The highest detection percentages were reported in the youngest patient group, and HAdV, HEV, HPIV-1, HPIV-3 and HRSV ([Table 1](#tbl1){ref-type="table"}) circulated preferentially in patients younger than 5 years old. Multiple RV detections were also more frequently detected in the youngest patients (p \<0.001). Age differences ([Table 1](#tbl1){ref-type="table"}) were not statistically significant between patients infected by the different FLUAV subtypes (seasonal H1N1 versus H3N2: p 0.123; seasonal H1N1 versus H1N1pdm09: p 0.176; and H1N1pdm09 versus H3N2: p 0.503).Table 1Detection rates (%) of all respiratory viruses among the received respiratory samples by age patient groupsAge groupAge (years)0--4 years5--14 years15--65 years\>65 yearsTotal (%)Mean ± SDMedian \[IQR\]1[1](#tbl1fn1){ref-type="table-fn"}2121212Samples received1881 (30%)1601 (25%)2483 (39%)339 (5%)6304[2](#tbl1fn2){ref-type="table-fn"}21.8 ± 22.012.0 \[3.0--37.0\]Positive samples1378109914321554064 (64%)19.1 ± 20.610.0 \[3.0--32.0\]34%73%27%69%35%58%4%46%Single detection1043 (76%)938 (85%)1269 (89%)137 (88%)3387 (83%)20.0 ± 20.811.0 \[3.0--33.0\]Multiple detection335 (24%)161 (15%)163 (11%)18 (12%)677 (17%)14.1 ± 18.75.0 \[2.0--19.0\]Single or multiple respiratory virus infectionFLUAV394528634431599 (25%)20.0 ± 19.212.0 \[5.0--33.0\]25%21%33%33%40%26%3%13% Seasonal H14233571133 (2%)18.1 ± 17.69.0 \[3.0--30.0\]32%2%25%2%43%2%1%\<1% H1pdm091132722461632 (10%)18.2 ± 16.312.0 \[6.0--29.0\]18%6%43%17%39%10%\<1%\<1% H321820630240766 (12%)21.9 ± 21.512.0 \[4.0--36.0\]28%12%27%13%39%12%5%12% Unsubtyped211729168 (1%)19.4 ± 18.611.5 \[3.0--33.0\]31%1%25%1%43%1%1%\<1%FLUBV10325514720525 (8%)17.4 ± 18.79.0 \[5.0--25.0\]20%5%49%16%28%6%4%6%FLUCV937019 (\<1%)16.6 ± 18.810.0 \[1.0--35.0\]47%\<1%16%\<1%37%\<1%0%\<1%HAdV34311711011581 (9%)10.9 ± 16.63.0 \[1.0--11.0\]59%18%20%7%19%4%2%3%HCoV572710015199 (3%)28.2 ± 24.525.0 \[3.0--48.0\]29%3%14%2%50%4%8%4%HEV11045495209 (3%)13.2 ± 18.14.0 \[2.0--18.0\]53%6%22%3%23%2%2%1%HPIV-1451222281 (1%)14.7 ± 19.24.0 \[2.0--24.0\]56%2%15%1%27%1%2%1%HPIV-24837495139 (2%)19.0 ± 20.011.0 \[3.0--34.0\]35%3%27%2%35%2%4%1%HPIV-35524255109 (2%)15.9 ± 21.64.0 \[2.0--23.0\]50%3%22%1%23%1%5%1%HPIV-4301726376 (1%)18.9 ± 20.77.5 \[2.0--37.0\]39%2%22%1%34%1%4%1%HRSV24342718364 (6%)11.3 ± 18.23.00 \[1.0--11.0\]67%13%12%3%20%3%2%2%HRV30715835958882 (14%)22.8 ± 23.113.0 \[3.0--39.0\]35%16%18%10%41%14%7%17%[^1][^2][^3]

The seasonal HRSV outbreaks usually started early every season, before the seasonal influenza circulation. When FLUAV and FLUBV were co-detected during a season, FLUAV was first, with the predominance of a particular FLUAV subtype, and was followed by FLUBV later ([Fig. 1](#fig1){ref-type="fig"} ). The only exception was the 2009 influenza pandemic. A(H1N1)pdm09, which was first noted in June 2009 and which circulated showing a biphasic pattern. A first peak was detected during weeks 24--35 (summer months), and a second peak during weeks 41--49 (autumn months), before HRSV circulation and outside the usual months of influenza outbreaks (from December to March). During the first two 2009 pandemic peaks, other FLUAV subtypes (seasonal H1 and H3) and FLUBV remained almost undetected despite the large sampling done to strengthen the A(H1N1)pdm09 surveillance. During these six consecutive seasons other RV than influenza viruses were mainly detected during the cold months, often just before and after the seasonal influenza epidemics ([Fig. 2](#fig2){ref-type="fig"} ), with scarce circulation during the inter-seasonal periods. Differences between the RV detection rates (see [Supplementary material, Table S1](#appsec1){ref-type="sec"}) were observed just before and after the 2009 pandemic (p \<0.05). The detection rates of HCoV, HRV, HPIV 1--4 and HEV increased after the pandemic (OR \<1), in comparison to FLUAV, FLUBV, HAdV and HRSV (OR \>1), which decreased. Age differences of FLUAV, HAdV and HCoV between the periods before and after the 2009 pandemics (see [Supplementary material, Table S1](#appsec1){ref-type="sec"}) were also shown.Fig. 1Weekly distribution of laboratory-confirmation rates (%) for human influenza and respiratory syncytial viruses from week 40/2006 (2006/07 season) to week 20/2012 (2011/12 season).Fig. 2Weekly distribution of laboratory-confirmation rates (%) for human influenza C virus (FLUCV) viruses, human adenoviruses (HAdV), human parainfluenza viruses (HPIV) 1, 2, 3 and 4, human coronaviruses (HCoV), human enteroviruses (HEV) and human rhinoviruses (HRV), from week 40/2006 (2006/07 season) to week 20/2012 (2011/12 season).

Phylogenetic analyses (HA1 and NA) of 28/29 seasonal A(H1N1) strains ([Table 2](#tbl2){ref-type="table"} ; and [Supplementary material, Fig. S1](#appsec1){ref-type="sec"}) showed that most of them fell within subclade 2B, represented by the 2008/09 vaccine strain (A/Brisbane/59/2007). Two out of the 28 strains (7%) isolated during the 2007/08 season carried the mutation H275Y in NA, in addition to D354G and the compensatory mutations R222Q, V234M and D344N (see [Supplementary material, Table S2](#appsec1){ref-type="sec"}) [@bib10].Table 2Summary of molecular characterization of influenza A and B viruses based on haemagglutinin sequences by season (the numbers of samples studied are shown in brackets), including the recommended vaccine strains to use2006/072007/082008/092009/102010/112011/12**Influenza A virus---seasonal A(H1N1)**Recommended vaccine strainA/New Caledonia/20/99A/Solomon Islands/3/2006A/Brisbane/59/2007A/Brisbane/59/2007----Characterized strainsTessaloniki/24-like (1)Tessaloniki/24-like (1)-------- 29 [1](#tbl2fn1){ref-type="table-fn"}Solomon Islands/3-like (3)**Brisbane/59-like (24)Influenza A virus---A(H1N1)pdm09**Recommended vaccine strain------A/California/7/2009A/California/7/2009A/California/7/2009Characterized strains------No-Nelson\'s Clade 7 (9)No-Nelson\'s Clade 7 (2)-- 123 [1](#tbl2fn1){ref-type="table-fn"}**California/7-like (67)**California/7-like (1)Hong Kong/3934-like (1)Christchurch/16-like (2)St. Petersburg/27-like (8)St. Petersburg/100-like (1)**Astrakan/1-like (32)Influenza A virus---A(H3N2)**Recommended vaccine strainA/Wisconsin/67/2005A/Wisconsin/67/2005A/Brisbane/10/2007A/Brisbane/10/2007A/Perth/16/2009A/Perth/16/2009Characterized strainsCalifornia/7-like (1)--California/7-like (1)--Perth/10-like (2)Perth/10-like (1) 117 [1](#tbl2fn1){ref-type="table-fn"}Wisconsin/7-like (2)**Brisbane/10-like (19)**Iowa/19-like (1)Iowa/19-like (18) [2](#tbl2fn2){ref-type="table-fn"}**Brisbane/10-like (12)**Iraq/7-like (1)Stockholm/18-like (5)Stockholm/18-like (3)**England/259-like (26)**[3](#tbl2fn3){ref-type="table-fn"}**Victoria/361-like (25)Influenza B virus**Recommended vaccine strainB/Malaysia/2506/2004B/Malaysia/2506/2004B/Florida/4/2006B/Brisbane/60/2008B/Brisbane/60/2008B/Brisbane/60/2008(Lineage)(B/Victoria)(B/Victoria)(B/Yamagata)(B/Victoria)(B/Victoria)(B/Victoria)B/Victoria-lineage characterized strains**Malaysia/2506-like (5)Brisbane/60-like (17)**--Malaysia/2506-like (2) [4](#tbl2fn4){ref-type="table-fn"} 54 [1](#tbl2fn1){ref-type="table-fn"}**Brisbane/60-like (27)**Brisbane/60-like (3)B/Yamagata-lineage characterized strainsFlorida/4-like (2)Shangai/361-like (4)----Bangladesh/3333-like (1)Brisbane/3-like (1) 72 [1](#tbl2fn1){ref-type="table-fn"}Egypt/144-like (2)**Florida/4-like (13)**Florida/01-like (8)**Stockholm/12-like (39)**Bangladesh/3333-like (2)[^4][^5][^6][^7][^8]

Phylogenetic analyses (HA1 and NA) of 111/117 seasonal A(H3N2) strains ([Table 2](#tbl2){ref-type="table"}; and [Supplementary material, Fig. S2](#appsec1){ref-type="sec"}) revealed a high genetic diversity among HA and NA sequences. The majority of 2006/07 and 2008/09 strains belonged to clade represented by 2008/10 vaccine strain (A/Brisbane/10/2007). In the following seasons (2010/11 and 2011/12) HA sequences fell within up to six different genetic subgroups within Victoria/208 clade, and none was genetically close to the 2010--2012 vaccine strain.

Phylogenetic analyses (HA1 and NA) of 121/123 A(H1N1)pdm09 strains ([Table 2](#tbl2){ref-type="table"}; and [Supplementary material, Fig. S3](#appsec1){ref-type="sec"}), showed that 116 strains were carrying the genetic features (S203T in HA1, and V106I and N248D in NA) of strains belonging to the clade 7 described by Nelson et al. [@bib11]. Strains collected during the 2009/10 season remained genetically close to those first described at the beginning of the pandemic. Most of 2010/11 strains genetically evolved and fell within four different genetic subgroups based on HA sequences. In addition, at least ten strains without key genetic features of Nelson\'s clade 7 were detected during the first two pandemic seasons, of which the latest strains (2010/11 season) showed genetic drift from the early 2009 isolates.

Phylogenetic analysis of HA1 sequences of 126 FLUBV strains revealed the co-circulation of B/Victoria (54) and B/Yamagata-lineage (72) strains. An alternance in the predominant lineage, which was different from what was included in the recommended vaccine composition, was shown in three out of the six studied seasons ([Table 2](#tbl2){ref-type="table"}). But this alternance did not seem to affect the FLUBV detection rates (see [Supplementary material, Table S1](#appsec1){ref-type="sec"}). In fact, the highest FLUBV detection rate (19%) was reported during the 2010/11 season, when the predominant circulating lineage was well-matched with the lineage included in the vaccine ([Table 2](#tbl2){ref-type="table"}).

Phylogenetic analyses (HA1 and NA) of 51/54 B/Victoria strains ([Table 2](#tbl2){ref-type="table"}; and [Supplementary material, Fig. S4](#appsec1){ref-type="sec"}) and of 67/72 B/Yamagata strains ([Table 2](#tbl2){ref-type="table"}; and [Supplementary material, Fig. S5](#appsec1){ref-type="sec"}) revealed the circulation of strains during the 2006--2008 seasons that were genetically close to both recommended 2006--2009 vaccine strains. However, the majority of B/Victoria strains detected since the 2008/09 season fell within clade represented by the recommended B/Victoria vaccine strain that has been used until now. Most of B/Yamagata strains collected since the 2010/11 season fell within the two genetic subgroups (Florida/01 and Stockholm/12) described within Bangladesh/3333 clade, and none within the 2012/13 vaccine strain (B/Wisconsin/01/2010) clade. In addition, one 2011/12 strain fell within the Brisbane/3 clade together with other 2007/08 strains, but with additional mutations that defined a new genetic subgroup represented by B/Estonia/55669/2011.

The HA and NA phylogenetic analyses revealed a few circulating intra-clade reassortants for B/Victoria lineage during the 2010/11 season (see [Supplementary material, Fig. S4](#appsec1){ref-type="sec"}), and for A(H3N2) subtype during the 2011/12 season (see [Supplementary material, Fig. S2](#appsec1){ref-type="sec"}).

Phylogenetic analysis of 19 FLUCV strains (see [Supplementary material, Fig. S6](#appsec1){ref-type="sec"}) detected during the 2009/10 and 2011/12 seasons, revealed that strains belonged to the C/Kanagawa/1/76-related and to C/Sao Paulo/378/82-related lineages [@bib5], remaining genetically similar.

Regarding NA mutations related to neuraminidase inhibitors (NAIs) resistance, known genetic markers were not found in the influenza strains studied, with the only exception being the H275Y mutation [@bib10] in some 2007/08 seasonal A(H1N1) strains, as described above. Some mutations within the enzyme active site or its surroundings were found in the characterized strains (see [Supplementary material, Table S2](#appsec1){ref-type="sec"}), which might be associated with decreased or reduced susceptibility to NAIs [@bib10], [@bib12], but are not yet characterized.

In M2 sequences, the predominance of the genetic adamantanes-resistant A(H3N2) strains during the 2006/07 season (13/15, 87%) and later (100%) by acquiring the S31N mutation [@bib12] were observed. All characterized A(H1N1)pdm09 strains were also carrying S31N mutation as described at the beginning of the pandemic. Double mutations, S31N/V27A and S31N/V27F, in one 2011/12 A(H3N2) strain and in one 2009/10 A(H1N1)pdm09 strain were also found, respectively. No mutations in M2 protein sequences related to antiviral resistance were found in seasonal A(H1N1) strains.

Discussion {#sec4}
==========

Our results show the significant burden of viral aetiological agents in acute respiratory infections, particularly in the youngest patient group, as well as the decline in RV detection rates as the age increases. In the adult population, viral respiratory infection might be underestimated because it is usually mild and self-limiting. Gender did not seem to be related to an increased infection susceptibility, except in HRSV or HEV. Overall, the most frequently detected RV were FLUAV, HRV, HAdV, FLUBV and HRSV, although HRSV and influenza viruses mostly circulated as seasonal outbreaks, and not continously throughout the year, such as HAdV and HRV.

Differences in age distribution among RV were found. Statistical differences between the age of patients infected by the several FLUAV subtypes were not found, although the means and IQR suggest that patients infected by seasonal A(H1N1) or A(H1N1)pdm09 cases were younger than those infected by A(H3N2). Variations in the pattern of age-specific positive proportions between different subtypes were previously described [@bib13], [@bib14]. More A(H1N1)pdm09 susceptibility in younger patients was attributed to the little or no pre-existing immunity to the virus among children and young adults [@bib15]. HRV or HCoV were commonly detected in all age groups, which might be explained by their high genetic diversity or the incomplete cross-reactive immune response, leading to continuous re-infections throughout life.

Differences in the RV detection rates and in the ages of infected patients after the 2009 pandemic were observed as noted by other authors [@bib16], [@bib17], although these have not been reported in other studies [@bib18]. This might be a result of specific and non-specific cross-reactive immunity against other RV following the A(H1N1)pdm09 infection [@bib17]. But a consequence of the larger sampling cannot be discarded.

Continuous evolution through either progressive amino acid substitutions (with changes on potential N-glycosylation sites) or by segment reassortments [@bib19], [@bib20] can affect (a) the antigenicity and tropism features by changes in the protective antigenic epitopes or in the receptor binding site of HA protein [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], or (b) the susceptibility to the available antivirals through changes in the NA and M2 proteins [@bib10], [@bib12]. Drifted-strains with substantial antigenic changes, driven by the host immune response acting as an evolutionary selective pressure, lead to the annual vaccine composition update [@bib8].

A(H3N2) strains, which circulated at varying levels throughout the study period, despite the wide community protection acquired by the natural infection and the seasonal vaccination since its appearance in 1968, belonged to several genetic subgroups, showing a great genetic heterogenity. A(H1N1)pdm09 has been genetically evolving into several phylogenetic groups since 2009, but remains antigenically similar [@bib8]. However, close attention should be paid to future antigenic drift events in response to an increased natural or vaccine-induced immunity. Regarding FLUBV and vaccine composition, the predominant lineage did not match the recommended vaccine lineage in half of the studied seasons. The inaccurate prediction of the predominant FLUBV lineage in trivalent influenza vaccines supported the formulation of a quadrivalent influenza vaccine [@bib26], [@bib27], [@bib28] to enhance protection. However, FLUBV lineage alternance has not been reported so far, with a high predominance of B/Yamagata lineage since the 2011/12 season [@bib29].

Some intra-clade reassortant strains were found. It is well-known that viral segment reassortment is a powerful genetic mechanism for influenza evolution. As these genetic events are uncommon, these findings highlight the importance of studying at least the envelope HA and NA sequences to monitor their emergence and spread, as well as, the value of local surveillance to detect these minor viral populations.

Throughout these six consecutive seasons the picture of the available antiviral drugs to fight against influenza infection changed considerably, and our results also showed the trends reported worldwide [@bib8], [@bib30]. During the 2006/07 season both adamantane and NAIs were the two antiviral family drugs available. In Catalonia, the first genetic oseltamivir-resistant seasonal A(H1N1) variants, which carried H275Y mutation in NA associated with antiviral resistance [@bib10], were detected in a percentage of 7% during the 2007/08 season. These strains also carried the compensatory mutations, that favoured the global spread of H275Y variants despite the absence of drug selective pressure [@bib10], [@bib30]. According to WHO data, an average of approximately 24% of characterized strains in Europe were shown to possess high-level oseltamivir-resistance, ranging from no detection in some countries to 68% in Norway [@bib30]. In addition, circulating A(H1N1)pdm09 and A(H3N2) strains are also resistant to adamantanes, since they carry the S31N mutation in M2 protein [@bib12], [@bib30], remaining susceptible to NAIs. Indeed, adamantanes cannot now be considered suitable for seasonal influenza treatment. In the present study, with the exception of H275Y seasonal A(H1N1) strains that did not circulate since the 2009 pandemics, no other circulating influenza strains carrying genetic markers related to NAIs resistance were found [@bib10]. Changes within the enzyme active site or its surroundings were found in NA sequences, but further phenotyping studies should be performed. There is public health concern that the antiviral resistance genetic markers could become fixed in the viral genome, as detected in a low percentage (\<1%) among circulating viruses [@bib31]. The rapid global spread of oseltamivir-resistant seasonal A(H1N1) influenza viruses without drug pressure should serve as a reminder for close local and global surveillance.

A wide knowledge of the seasonal patterns of RV in the general population contributes to a better diagnosis and management of respiratory infections, but it is considered a challenge because of the unpredictable nature of RV circulation. Indeed, continuous local and global surveillance of influenza and other RV must be carried out to monitor their prevalence, their genetic diversity and the emergence of antiviral resistance.
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The following supplementary materials are available for this article:Table S1Number and percentage of detections (single and multiple) per respiratory virus and by season. Table S2Molecular characterization of predicted positions in NA protein (in the corresponding N2, N1 and B/Yam numbering) associated with decreased and reduced susceptibility to neuraminidase inhibitors. Fig. S1Phylogenetic reconstruction of complete HA1 (from nucleotide position 52 to 1029 of the coding HA sequence) and partial NA (from nucleotide position 46 to 1398 of the coding the NA sequence) sequences of influenza seasonal A(H1N1) viruses constructed using neighbour-joining method rooted to A/New Caledonia/20/1999 (2006/07 vaccine strain). Fig. S2Phylogenetic reconstruction of complete HA1 (from nucleotide position 49 to 1035 of the coding HA sequence) and partial NA (from nucleotide position 27 to 1388 of the coding NA sequence) sequences of influenza seasonal A(H3N2) viruses constructed using neighbour-joining method rooted to A/Wisconsin/67/2005 (2006--2008 vaccine strain). Fig. S3Phylogenetic reconstruction of complete HA1 (from nucleotide position 52 to 1032 of the coding HA sequence) and partial NA (from nucleotide position 160 to 1377 of the coding NA sequence) sequences of influenza A(H1N1)pdm09 viruses constructed using neighbour-joining method rooted to A/California/07/2009 (2009--2016 vaccine strain). Fig. S4Phylogenetic reconstruction of complete HA1 (from nucleotide position 46 to 1086 of the coding HA sequence) and complete NA (from nucleotide position 1 to 1398 of the coding NA sequence) sequences of B/Victoria viruses constructed using neighbour-joining method, and rooted to B/Malaysia/2506/2004 (2006--2008 vaccine strain). Fig. S5Phylogenetic reconstruction of complete HA1 (from nucleotide position 46 to 1083 of the coding HA sequence) and complete NA (from nucleotide position 1 to 1398 of the coding NA sequence) sequences of B/Yamagata viruses constructed using neighbour-joining method, and rooted to B/Shangai/361/2002 (2005/06 vaccine strain). Fig. S6Phylogenetic reconstruction of complete HE sequences (excluding signal peptide, from nucleotide position 43 to 1968 of the the coding HE sequence) of FLUCV viruses constructed using neighbour-joining method, and rooted to strains represented by C/Taylor/1233/47.
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[^1]: Abbreviations: FLUCV, human influenza C virus; HAdV, human adenoviruses; HCoV, human coronaviruses; HEV, human enteroviruses; HPIV 1--4, human parainfluenza viruses 1, 2, 3 and 4; HRV, human rhinoviruses; IQR, interquartile range.

[^2]: 1\. Detection rate per age group (% of row); 2. Detection rate per total received samples within each age group (% of column).

[^3]: Missing data: 11 cases.

[^4]: In case of different phylogenetic variants, the most frequent is marked in bold letters.

[^5]: The partial NA sequences for phylogenetic and molecular characterization could not be obtained from some of these strains.

[^6]: One intra-clade reassortant strain (Iowa/19 HA; England/259 NA).

[^7]: One intra-clade reassortant strain (England/259 HA; Stockholm/18 NA).

[^8]: Intra-clade reassortant (Brisbane/60 HA; Malaysia/2506 NA).
